Column chelation chromatography on controDled pore glass-8hy-droxyquinoline was demonstrated to be a very efficient method for removing trace metal con nts from concentrated macronutrient salt solutions used to prepare nutrient media. By using '3Ni and '5Zn radioisotopes as tracers, controlled pore glas-hydroxyquinoline column packlgs were found to 
Progress in identifying new essential micronutrients for plants is limited by the techniques available for detecting and removing nanogram and subnanogram amounts of the elements being studied from plant nutrient solutions. For example, Hewitt (3) has described how the introduction of dithiozone and solvent extraction techniques in 1936 allowed researchers to detect and remove lower concentrations of Zn from nutrient solutions than previously possible, and eventually to establish the essentiality of Zn for plants. Electrothermal atomization atomic absorption spectrometry has lowered the detection limits for may elements, but little progress has been made in techniques for removing trace metal contaminants from nutrient solutions (4, 7) . Hill (5) described a procedure for immobilization of 8-hydroxyquinoline on silica gel and suggested the use ofthis material for removing Mn, Cu, and Zn from concentrated salt solutions by column chromatography for the study of nutrient deficiencies in plants. Although Before purification, each solution was adjusted to between pH 4 and 6 using dilute solutions of either NaOH or HCI as needed while monitoring the pH of the solution using a pH meter equipped with a combination pH electrode. The 2 M K-phosphate solutions to be purified (see Tables I and II) (as ZnCI2). They were fed by gravity through a 0.45 Am filter (Gelman Acrodisc) onto a slurry packed column of CPG-8HQ. Air bubbles in the column packings caused channeling ofeluents. Therefore, care was taken to remove air bubbles from the packing slurry of CPG-8HQ beads by ultrasonicating the beads in water for 30 min prior to pouring the columns. The CPG-8HQ supports were obtained from Pierce Chemical and were 80/120 mesh; 125 to 177 Mm particle size having a nominal pore diameter of 500 A. In most cases a 3.67-ml packed column bed volume (0.6 cm diameter x 13 cm height) was used. However, for removal of 65Zn from KH2PO4 and 63Ni from NH4H2PO4, a 31.42-ml packed column bed volume (1 cm diameter x 40 cm height) was required. The flow rate was adjusted to between 40 and 50 ml h-' by adjusting hydrostatic head pressure. After the salt solution had passed through the column, the column was rinsed with three bed volumes of deionized H20 and the retained ions were eluted in 20 ml 1.2 N HCI. To ensure that the sharp elution front was detected, collection was started as soon as the acid was added.
Fractions ofeluate were radioassayed for 63Ni activity via liquid scintillation spectrophotometry using appropriate quench correction.65Zn radioactivity ofeluate fractions was assayed by gamma spectrophotometry.
Triplicate samples of unlabeled salt solution, radioactively Plant Physiol. Vol. 76, 1984 labeled salt solution and purified salt solution were taken for radioassay. The per cent retention was calculated using the radioactivity remaining after purification divided by radioactivity before purification. The per cent recovery was calculated by dividing the total radioactivity recovered by the total radioactivity added. In most cases the total radioactivity added was determined by multiplying the dpm ml-' by the total volume purified. The concentrated KH2PO4, NH4H2PO4, and MgSO4 solutions, however, could not be directly radioassayed for 63Ni because these solutions precipitated when mixed with liquid scintillation radioassay cocktail. In these cases, an average value for total radioactivity added was determined from the five other solutions (Table I) which had been labeled with the same volume of 63Ni solution, and per cent recovery was calculated using this average value. To determine per cent retention in these cases, 0.5 ml of 1% ammonium pyrollidine dithiocarbamate was added to triplicate, 5-ml samples of the salt solution being purified, which were then extracted with 3 ml of methylisobutylketone. The methylisobutylketone was then assayed for 63Ni radioactivity. Per cent purification was then calculated using total radioactivity extracted before and after purification.
Nonradioactive Ni analyses were performed on aqueous samples after first concentrating the Ni on CPG-8HQ columns and recovering the Ni in 5.0 ml of 1.2 N HCI eluate. The acid eluates were analyzed for Ni by heated graphite atomization-atomic absorption spectrophotometry.
A filter device designed to purify double-deionized H20 was prepared by placing 3 g of CPG-8HQ into a double-tapered polyethylene filter funnel with a center filter disc of polyethylene and then placing an acid-washed dacron wool pad over the CPG-8HQ bed to hold the beads in place. This resulted in a CPG-8HQ bed volume of about 100 ml (2 cm depth x 8 cm diameter), which allowed essentially unrestricted flow of deionized H20. This device was placed in the deionized H20 line to purify all the deionized H20 used in preparing nutrient solutions and for that used to irrigate plants during growth in subsequent Ni studies.
RESULTS AND DISCUSSION
The CPG-8HQ column chromatography method proved to be a very efficient, rapid, and inexpensive method for removing Ni or Zn contaminants from concentrated salt solutions used in preparing plant nutrient solutions. Columns were regenerated by passing three bed volumes of 1.2 N HCI through the columns. In this manner quantitative recovery of 63Ni was obtained (Table I ) and the columns were regenerated for subsequent reuse; in fact, only two columns were used throughout the course of these purifications.
The efficiency of this method for Zn removal from nutrient salt solutions was investigated using concentrated macronutrient salt solutions used in preparing Chlorella growth media (Table  II) . Again, the efficiency of purification was very high and quantitative recovery of 65Zn was obtained. The only problem encountered was in the purification of I M KH2PO4 at pH 5.8. The first fractions of KH2PO4 eluate passing through a 0.6 x 13-cm column were free of 65Zn, but after approximately 20 bed volumes of eluate were collected, the CPG-8HQ appeared to become saturated with metals and 65Zn radioactivity was detected in later fractions. Subsequently, a larger 1 cm diameter x 40 cm 
